Abstract: A double burden of malnutrition in Vietnamese children has emerged as a key challenge: childhood undernutrition remains a public health concern while childhood overweight/obesity has gradually increased. This study aimed to (1) estimate the prevalence of undernutrition and overnutrition among 6-9-year-old primary school children in rural areas of Vietnam, and (2) identify sociodemographic factors associated with undernutrition and overnutrition in this population. A cross-sectional survey was conducted in October 2016 in 2334 children from eight primary schools in rural areas in Hai Phong City, Vietnam. Anthropometric and demographic data were collected. The prevalence of underweight, stunting, wasting, and anthropometric failure was 8.0%, 5.1%, 5.3%, and 11.9%, respectively. Up to 22.1% of children were affected by overweight/obesity, and 31.0% by abdominal overweight/obesity. Low maternal education was associated with higher odds of underweight and anthropometric failure, whereas overweight/obesity or abdominal overweight/obesity were more likely in boys and children of mothers with a high education level. This study provides evidence for a double burden of diseases among primary school children in rural areas in Hai Phong City. Future interventions for the prevention and control of childhood undernutrition and overweight/obesity should take into account child sex and maternal education level.
Introduction
Child malnutrition, which encompasses both undernutrition as well as overnutrition, continues to be a global challenge [1, 2] . Recent estimates indicate that up to 25% of preschool children in low-and middle-income countries are at risk of stunting, 15% of underweight, and 8% of wasting [3] . This high prevalence of undernutrition persists into later childhood with up to a third of school children reported as underweight or stunted [4] [5] [6] [7] . Similarly, while overweight and obesity are a growing problem in preschool children with 6.0% of the world's children affected [8] , low-resource regions such as South-eastern Asia, are reported to have the highest prevalence of overweight affecting 10.7% of
Materials and Methods

Study Design
This study used screening data from an intervention trial that investigated the effects of micronutrient supplementation for improving micronutrient status, growth, and health outcomes in underweight and overweight/obese primary school children in Vietnam (registered at www.actr.org.au as ACTRN12616001245482). A school-based cross-sectional survey of 6-9-year-old children (n = 2334) was conducted in eight primary schools in rural areas in Hai Phong City, Vietnam, in October 2016. Anthropometric measurements and self-reported sociodemographic data were collected. Ethical approval for the study was obtained from the Ethics Committee of the National Institute of Nutrition in Vietnam (610/VDD-QLKH; dated 30/9/2016) and the Deakin University Human Research Ethics Committee in Australia (2016-181). Written informed consent was obtained from the child's primary caregiver and verbal consent was obtained from each participating child.
Schools Selection and Recruitment
Hai Phong City is administratively divided into eight rural districts and seven urban districts; this research was conducted in rural districts only. Schools located in rural areas of Hai Phong City were selected using a multistage sampling approach. In the first stage, two districts (Thuy Nguyen and An Lao) were randomly selected from the eight rural districts in Hai Phong City. In the second stage, schools were selected from the list of all primary schools in each district (n = 38 in Thuy Nguyen and n = 19 in An Lao). Schools with <300 students were excluded. Selected schools were invited to take part through written invitations followed by telephone calls, emails, and/or visits to explain the purpose of this study, confirm participation, and obtain written informed consent from school principals. When a school declined to take part in this study, the next school on the list was invited until four were enrolled in each district.
Participants and Recruitment
Once a school agreed to participate, all children attending grades 1 to 3 (i.e., children aged 6-9 years) were invited to take part. Child's date of birth was obtained from the school registration form in order to confirm the child's age.
Children were excluded if they were older than 9 years, had anthropometric abnormalities (e.g., severe scoliosis which would not allow for correct determination of height), or had an intellectual impairment that would prevent them from understanding the aims of the study.
Anthropometric Measures
Children were weighed in light clothing and without shoes with calibrated electronic body scales (TANITA BC-543, TANITA Corporation, Tokyo, Japan). Each child was weighed twice to the nearest 0.1 kg; if the two measurements differed by more than 0.1 kg, a third measurement was taken.
Height was measured twice to the nearest 0.1 cm with a SECA stadiometer (SECA 222, SECA GmbH & Co. KG, Hamburg, Germany). Children were measured without any hair ornaments, braids or hats, and without shoes or socks. If the duplicate measurements differed by more than 0.1 cm, a third measurement was taken.
Waist circumference (WC) was measured twice horizontally to the nearest 0.1 cm with a nonstretchable tape (Lufkin W606PM, Apex Tool Group, MD, USA) at a point halfway between the lowest rib and the top of a child's hipbone [19] . If the two measurements differed by more than 0.1 cm, a third measurement was taken.
The final weight, height, and WC were calculated as the mean of the two or three measurements obtained for each child, as appropriate. All anthropometric measurements were taken by trained staff from the National Institute of Nutrition in Vietnam according to standardised procedures [19] .
Body Mass Index (BMI) was calculated. Weight-for-age, height-for-age, and BMI-for-age z-scores were calculated with the WHO Anthro Plus software version 2.0 [20] . Underweight, stunting, wasting, and overweight/obesity were defined according to the WHO classification [21] , i.e., underweight: weight-for-age z-score < −2; stunting: height-for-age z-score < −2; wasting: BMI-for-age z-score < −2; and overweight/obesity: BMI-for-age z-score > 1; these categories were not exclusive and overlapped in some cases (e.g., a child who was classified as underweight might also be classified as stunted). An aggregate indicator of malnutrition, the Composite Index of Anthropometric Failure (CIAF), was determined by identifying all children who were in anthropometric failure (i.e., all children who were (1) wasted only; (2) wasted and underweight; (3) wasted, stunted, and underweight; (4) stunted and underweight; (5) stunted only; or (6) underweight only; wasting, stunting, and underweight were defined according to the WHO classification as described above) while excluding those children who were not in anthropometric failure (i.e., children whose weight-for-age, height-for-age, and BMI-for-age z-scores were ≥−2) [22] . The CIAF identifies children who belong exclusively to one of these categories; therefore, it provides a single measure of the severity of undernutrition in the population [22] . A waist-to-height ratio (WHtR) was calculated as WC in cm divided by height in cm. There are no specific WHtR cutoffs for the identification of overweight or obesity in Vietnamese children; therefore, we defined abdominal overweight/obesity as WHtR ≥ 0.46 for boys and WHtR ≥ 0.45 for girls according to the cutoffs developed by Nambiar et al. [23] . These cutoffs have been shown to correspond to the ≥ 85th percentile for percentage body fat (i.e., ≥ overweight) in a nationally representative sample of 2773 8-16-year-old Australian school children, which also included Asian children [23] .
Socioeconomic Data
Mothers' current employment status, mothers' education level, and monthly household income data were collected from the mothers via a pretested self-administered questionnaire.
Data Analysis
Data were collected from 2334 children. Sex data were available for all children; weight data for 2333 children; age data for 2331 children; height, weight-for-age z-score, and CIAF data for 2330 children; WC data for 2329 children; height-for-age and BMI-for-age z-score data for 2327 children; and WHtR data for 2326 children. Seventy-one percent of mothers provided information on their current employment status (n = 1647), and their education level (n = 1652), and 68% of mothers (n = 1587) provided information on the monthly household income.
The prevalence of underweight, stunting, wasting, anthropometric failure, overweight/obesity, and abdominal overweight/obesity was estimated for the whole sample, and for the levels of the following factors: sex, age, mother's current employment status, mother's education level, and monthly household income.
Children's age was categorized into tertiles (69 to <82 months, 82 to <93 months, and 93 to ≤108 months). Mothers' education level was classified into three categories: beyond high school, high school, and below high school. High school education comprises 3 years of formal schooling, from the 10th to 12th grade, and is normally the minimum qualification required to obtain employment in Vietnam. The average income in rural areas in Vietnam in 2014 was 4.1 million VND/two adults/month (i.e., 176 USD) [24] . This monthly household income was used as a cutoff to differentiate between below-average and above-average income. Monthly household income was classified into four categories: <4.1 million VND (i.e., <176 USD), 4.1 to <8 million VND (i.e., 176 to <344 USD), 8 to <11 million VND (i.e., 344 to <472 USD), and ≥ 11 million VND (i.e., ≥472 USD).
Generalised linear mixed models, with school as a random effect, were used to estimate the association between binary outcomes (underweight, stunting, wasting, anthropometric failure, overweight/obesity, and abdominal overweight/obesity) with demographic variables. We report univariate associations, i.e., only one demographic factor considered at a time, and adjusted associations estimated under models including all demographic factors (i.e., age, sex, mother's current employment status, mother's education level, and monthly household income) [25] . Continuous outcomes (BMI-for-age z-scores and WHtR) were analysed following the same approach but using linear mixed models. For each outcome, we also report a measure of similarity of outcomes among children attending the same school, the intracluster correlation coefficient, estimated under a model with school as a random effect and no covariates. All estimates are reported along with 95% confidence intervals (CI). Analyses were performed with Stata (version 14.0; StataCorp LP, TX, USA).
Results
Participants
A total of 3960 children were invited to take part in this study. Of these, 2334 children were eligible and agreed to participate. A similar proportion of girls and boys took part in this study ( Table 1) .
The majority of children's mothers currently engaged in farm work and nearly two thirds were educated to a high school level or beyond (Table 1) . Among the mothers who were self-employed, 84.7% had a low level of education (i.e., below high school) (data not shown in tables). More than half of the participating children came from households with a mean monthly income of ≥ 8 million VND, whereas nearly one in six children came from families with a mean monthly income below the average two-adult income in rural areas in Vietnam. Mothers from families with a below-average monthly income were more likely to have a low education level (67.9% had an education level below high school) (data not shown in tables). 
Prevalence of Undernutrition and Overnutrition, and Associations between Anthropometric Indicators and Sociodemographic Factors
The prevalence of underweight was 8.0% (i.e., all these children were underweight, in addition, some children were also stunted, stunted and wasted, or wasted) with no significant difference between boys and girls, or across age or household income categories (Table 2 ). Mother's current employment status and education level were univariately associated with underweight. In the multivariate analysis including all sociodemographic factors, mother's education level was the only factor significantly associated with underweight. Children of mothers with low education (below high school) were more likely to be underweight compared with children whose mothers were educated beyond high school (Odds Ratio (OR) 3.60; 95% CI: 1.95, 6.64). Table 2 . Prevalence of underweight (weight-for-age z-score < −2) and associated sociodemographic factors in 6-9-year-old children in rural areas of Vietnam. The prevalence of stunting was 5.1%. In univariate analyses, stunting was only associated with mother's education level (Table 3) . After adjustment for all sociodemographic factors, there was no factor significantly associated with stunting. Table 3 . Prevalence of stunting (height-for-age z-score < −2) and associated sociodemographic factors in 6-9-year-old children in rural areas of Vietnam. The prevalence of wasting was 5.3% with no significant differences between sexes, or across the child age or mother's current employment status (Table 4) . In univariate analyses, mother's education level and monthly household income were significantly associated with wasting; however, these associations were no longer significant after adjustment for other sociodemographic factors. Table 4 . Prevalence of wasting (BMI-for-age z-score < −2) and associated sociodemographic factors in 6-9-year-old children in rural areas of Vietnam. The aggregate prevalence of undernutrition as measured by the CIAF indicated that 11.9% of all children were in anthropometric failure (Table 5 ). Anthropometric failure was significantly associated in univariate analyses with child age, mother's current employment status, mother's education level, and monthly household income. However, in the multivariate analysis, only mother's education level was associated with anthropometric failure. Children whose mothers' education level was below high school were more likely to be in anthropometric failure compared with children whose mothers were educated beyond high school (OR 2.00, 95% CI: 1.26, 3.19). The prevalence of overweight/obesity was 22.1%, and it was higher in boys than girls (27.2% vs. 17.1%; p < 0.001; Table 6 ). Overweight/obesity was also significantly associated in the univariate analyses with mother's current employment status, mother's education level, and monthly household income. However, in the multivariate analysis only child sex and mother's education level remained significantly associated with overweight/obesity. In comparison with children whose mothers had an education level above high school, children whose mothers had high school or below high school education were significantly less likely to be overweight/obese (OR 0.59, 95% CI: 0.44, 0.81, and OR 0.37, 95% CI: 0.26, 0.53, respectively; Table 6 ). Similar results were obtained when BMI-for-age z-scores were analysed (Table 7) . Table 6 . Prevalence of overweight/obesity (BMI-for-age z-score > 1) and associated sociodemographic factors in 6-9-year-old children in rural areas of Vietnam. The prevalence of abdominal overweight/obesity was 31.0% (Table 8) . In univariate analyses, abdominal overweight/obesity was significantly associated with sex, mother's current employment status, mother's education level, and monthly household income. In the multivariate model, only sex and mother's education level were significantly associated with abdominal overweight/obesity, with a higher risk of abdominal overweight/obesity in boys compared with girls (OR 1.55, 95% CI: 1.24, 1.93), and a lower risk in children whose mothers' education level was at or below high school compared with children whose mothers were educated beyond high school (OR 0.65, 95% CI: 0.49, 0.86 and OR 0.47, 95% CI: 0.35, 0.65, respectively). Additionally, WHtR was higher in boys than girls, lower in the oldest children compared with the youngest children, and lower in children of mothers with education at or below high school compared with children of mothers with education above high school ( Table 9 ). a Generalised linear mixed model including the covariate as a fixed effect and school as a random effect. b Generalised linear mixed model including all five sociodemographic factors as fixed effects and school as a random effect. c Overall p-value for the association between the outcome and the sociodemographic factor. Table 9 . Waist-to-Height Ratio and associated socio-demographic factors in 6-9-year-old children in rural areas of Vietnam. Finally, we present in Table 10 the estimated intracluster correlation coefficient for each of the outcomes assessed in this study. These estimates may inform the design and sample size calculations in future studies targeting the same outcomes in school children from rural areas in Vietnam. Table 10 . Estimates of the intracluster correlation coefficient (ICC) for each outcome measure a . a ICC estimated under a mixed model with school as a random effect and no covariates. b Weight-for-age z-score < −2. c Height-for-age z-score < −2. d BMI-for-age z-score < −2. e BMI-for-age z-score > 1. f Waist-to-Height Ratio ≥ 0.46 for boys and ≥ 0.45 for girls. g Weight-for-age, height-for-age, and/or BMI-for-age z-scores < −2.
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Discussion
Prevalence of Undernutrition and Overnutrition
This study provides evidence for the double burden of disease in primary school children in rural areas of Hai Phong City, Vietnam with nearly 12% of children affected by anthropometric failure, 22% by overweight/obesity, and 31% by abdominal overweight/obesity.
We found that 8% of primary school children in rural areas in Hai Phong City in Vietnam were underweight. This confirms the results of our earlier cross-sectional study in 1004 primary school children in rural and urban areas of Hai Phong City in Vietnam which found 8.2% of children to be underweight [26] .
Vietnam has been identified as one of 36 nations with the highest prevalence of stunting in the world [27] . In the present study, we found that 5.1% of children were at risk of stunting, which is similar to the prevalence of 7.6% found in our earlier cross-sectional study [26] , or 2.4% reported recently in 3,000 primary school children in Hanoi City [28] . Compared with previous studies in other cities in Vietnam, wasting appeared less prevalent among primary school children in rural areas of Hai Phong City. Approximately 14% of primary school children in 6 provinces in Vietnam were affected by wasting in 2011 [14] compared with 5.3% children in our study. However, this proportion of children at risk of wasting has apparently not changed in the last four years as we also found that 5.3% of school children were wasted in our earlier cross-sectional study conducted in the same city in 2012 [26] . Hai Phong City is a mega city in Vietnam (population of approximately 2 million people in 2016) with better socioeconomic conditions compared to other regions of Vietnam [29] , which could be at least partially responsible for the lower risk of wasting.
A study conducted in 2011 in 2,872 children in 6 provinces in Vietnam found that 6.5% of school children in rural areas were affected by overweight and/or obesity [14] . In 2012, we found that 12% of school children in rural areas of Hai Phong City were affected by overweight or obesity [26] . In the current study, however, this prevalence nearly doubled as 22% of children were affected. This sharp increase in overweight and obesity in Hai Phong City over the last four years indicates that children in rural areas of Vietnam are at similar risk of excessive body weight as those residing in urban areas where a third of children are affected [13, 14, 30] . Improved socioeconomic status, poor diet, and inadequate physical inactivity may be partially responsible for this high increase in the prevalence of overweight and obesity in the rural areas of Hai Phong City [30, 31] . Additionally, Vietnamese households have been shown to be susceptible to the marketing of energy-dense nutrient-poor foods [32] . Advertising of food products has been identified to affect food preferences, purchases, consumption [33] , and food choices of children [34] . Marketing of energy-dense nutrient-poor foods, therefore, may contribute to childhood obesity [35] .
Associations between Sociodemographic Factors and Anthropometric Indicators
This study revealed a significant and consistent relationship between maternal education and both undernutrition and overnutrition, and an association between sex and overnutrition.
Indeed, we found that low maternal education was a risk factor for underweight and anthropometric failure. This is consistent with findings from studies in Vietnam [14, 36] and other lowand middle-income countries [37, 38] . However, no significant association between undernutrition and maternal employment status or monthly household income was detected after adjusting for other sociodemographic variables including education. This is in contrast with other studies, which reported a significant negative correlation between income and malnutrition [37] [38] [39] . It is possible that we did not detect an association between household income and undernutrition in our study because the majority of families (i.e., 83.9%) reported monthly income at or above the average two-adult income in rural areas of Vietnam, and only four families reported income at or below the poverty line of 0.4 million VND per month as defined by the Vietnamese Ministry of Labour, Invalids, and Social Affairs.
While undernutrition has been shown to be positively associated in rural areas with male sex [14] and age [39] , we did not detect any association. Only in our univariate model age was associated with anthropometric failure, with older children at greater risk. Suboptimal habitual food consumption patterns and practices over the long term may be responsible for this trend [40] ; however, our study did not explore this relationship. Similar to our research, a large study in Vietnam conducted in 2872 children found no relationship between undernutrition and child sex or age except for stunting, which was significantly higher in rural boys compared with girls (20.6% vs. 14.7%) [14] .
Similar to undernutrition, we also found an association between overnutrition (i.e., overweight/ obesity and abdominal overweight/obesity) and maternal education; however, this association was positive. Children of mothers with an education level above high school were at highest risk of overweight/obesity. This is consistent with findings from our earlier cross-sectional study in 276 primary school children in rural and urban areas of Hai Phong City [25] but in contrast with research conducted in other provinces/cities in Vietnam in which the education level of parents was protective against childhood overweight and obesity [41, 42] . We have speculated that in Hai Phong City, women who achieved a higher education level could find better jobs resulting in less time spent preparing and providing healthier meals for children (for example, greater reliance on fast foods or processed foods) leading to a higher risk of childhood overweight/obesity [25] . Our current study also supports the suggestion of Lindsay et al. [43] that childhood obesity prevention programmes should focus on parental roles.
In addition, our research showed that the prevalence of overnutrition was significantly different between sexes with boys at a higher risk of overweight/obesity and abdominal overweight/obesity compared with girls. This is consistent with previous findings in Vietnam [14, 25] . In Vietnam, communities typically prioritise the needs of boys compared with girls [44] , which could result in decreased expectations of boys to contribute to household chores, and instead increasing their time spent in physical inactivity, and hence risk of overweight/obesity. Furthermore, although we did not collect dietary data in the current study, our earlier research showed that boys in Hai Phong City consumed a greater variety of foods than girls [25] , which has been previously shown to be a risk factor for increased energy intake and adiposity [45] . Although this study focused only on anthropometric data in association with selected socioeconomic factors, it is clear that programmes aiming to reduce overweight/obesity among school children in Vietnam should take into account the higher risk of overweight/obesity in boys.
The study's strengths include a random selection of the study districts and a large sample size. Additionally, all measurements were performed by well-trained staff from the National Institute of Nutrition in Vietnam to ensure high quality of data. However, as this was a cross-sectional study, it is difficult to detect temporal associations between undernutrition or overnutrition and the selected sociodemographic factors. Although more than 2000 children participated in this survey and the study sample was likely to be representative of all children attending primary schools in rural areas of Hai Phong City [26] , it is unlikely that these children were representative of all primary school children in Vietnam [36, 46] . In addition, as there are no specific WHtR cutoffs for the identification of abdominal overweight or obesity in Vietnamese children, we used the cutoffs by Nambiar et al. [23] , which were developed for Australian children. However, there is still limited evidence on the most appropriate WHtR cutoffs for identifying abdominal overweight/obesity in Asian children, and those currently proposed are based on BMI rather than body fat [47, 48] .
Conclusions
In summary, undernutrition continues to be a public health problem in primary school children in rural areas in Hai Phong City affecting more than one in ten children. Overweight/obesity appears to have increased in the last four years with up to a third of children currently at risk. Low maternal education level was found to be a risk factor for underweight or anthropometric failure, whereas being male and high maternal education level was found to be a risk factor for overweight/obesity and abdominal overweight/obesity. Future interventions for the prevention and control of childhood obesity should take into consideration the difference in adiposity between boys and girls, and the need to target children of well-educated mothers. Programmes aimed at preventing child undernutrition need to emphasize the needs of children of mothers with low education. 
